The effects of immunocastration and time after second Improvest dose on proximate composition and fatty acid profile of adipose tissue from jowl and belly of finishing barrows were determined. Physically castrated (PC) and immunologically castrated (IC) barrows were assigned to treatments at birth. Within 5 d of age, PC barrows were physically castrated and IC barrows were administered Improvest (gonadotropin-releasing factor analog; Zoetis, Kalamazoo, MI) at 16 and 20 wk of age. Diets were formulated with corn and soybean meal and did not contain ethanol coproducts. Subsequently, PC (n = 23) and IC (n = 24) barrows were slaughtered biweekly from 22 to 28 wk of age, 2 to 8 wk following second Improvest dose. Adipose tissue samples were collected from the jowl and belly. Main effects of castration method and time after second Improvest dose and their interaction were analyzed with the MIXED procedure of SAS. Overall, IC barrows were heavier at slaughter (136.1 vs. 100.6 kg; P < 0.01), had similar HCW (P = 0.13), and were leaner (50.9 vs. 48.9%; P < 0.01) than PC barrows. In jowl adipose tissue, IC barrows had less lipid content (64.7 vs. 80.2%; P < 0.01) than PC barrows at 2 wk. However, there were no differences (P ≥ 0.75) in lipid content between IC and PC barrows from 4 to 8 wk. Total MUFA content was reduced (42.5 vs. 44.8%; P = 0.04) and PUFA content was greater (16.9 vs. 14.8%; P < 0.01) in IC compared to PC barrows. Increasing time after second dose reduced (P = 0.04) PUFA content from 17.5% at 2 wk to 15.4% at 8 wk. In IC barrows, iodine value (IV) was increased by 6.9 and 3.3 g/100 g compared with PC barrows at 2 and 4 wk, but IV was not different between castration methods (P ≥ 0.95) at both 6 and 8 wk. Meanwhile, in belly adipose tissue, IC barrows had less lipid content than PC barrows (75.3 vs. 82.7%; P < 0.01). Lipid content was unchanged over time (P = 0.34) in either PC or IC barrows. Total SFA and MUFA content of the belly were similar for both IC and PC barrows. Belly adipose tissue from IC barrows had greater concentrations of PUFA than PC barrows (16.2 vs. 14.7%; P < 0.01). In IC barrows, IV was increased by 5.3 g/100 g compared with PC barrows at 2 wk, but IV was not different between castration methods (P ≥ 0.91) from 4 to 8 wk. Results indicate that as time after second Improvest dose progressed, IV of jowl and belly was reduced. This was accompanied by an increase in lipid deposition in jowl, while lipid content remained constant in belly.
INTRODUCTION
In 2011, the U.S. Food and Drug Administration approved the use of Improvest (gonadotropin-releasing factor analog; Zoetis, Kalamazoo, MI) in intact males as a means to control boar taint. Immunological castration also allows producers to takes advantage of the reduced feed consumption with greater or similar rates of gain and increased leanness and cutability of boars compared to physically castrated (PC) barrows (Boler et al., 2011; Dunshea et al., 2001) . Therefore, at equal carcass weights, immunologically castrated (IC) barrows are leaner than PC barrows. However, one disadvantage of leaner pigs is that as they deposit less fat and this fat is generally more unsaturated in nature; the risk of fat quality issues such as softer belly fat (Correa et al., 2008) and severe lean fat separation in loins and hams are increased (Cliplef and McKay, 1993) . Softer belly fat may also lead to problems during bacon slicing and poor appearance of slices after packaging (Enser et al., 1984) . Furthermore, bacon sliceability was reduced in IC compared to PC barrows but improved over time as bacon fat content from IC barrows became more similar to bacon from PC barrows .
A review by Wood et al. (2008) reported that as lipid deposition was increased, concentration of unsaturated fatty acids (UFA) in subcutaneous adipose tissue was decreased. In a similar manner, increasing time between second Improvest dose and slaughter has been reported to increase lipid deposition (Lealiifano et al., 2011) and reduce concentrations of PUFA (Boler et al., 2012) in IC barrows. However, data are limited regarding changes beyond 6 wk after second dose and in the jowl adipose tissue, a preferred tissue for analyses by packers because of ease of access. Therefore, the objective of the present study was to determine the effects of increasing the interval after second Improvest dose on chemical composition and fatty acid profile of adipose tissue from jowl and belly of finishing barrows.
MATERIALS AND METHODS
Animal use during this study was approved by the University of Illinois Animal Care and Use Committee.
Animals, Housing, and Diets
Forty-seven pigs (Genetiporc G-performer sires × Fertilis 25 dams; Genetiporc, Alexandria, MN) were used during the live phase of the study. At birth, male pigs within a litter were randomly allotted to 1 of 2 castration methods. Pigs in PC group were physically castrated according to U.S. production guidelines within 5 d of age. Intact males in the IC group were immunologically castrated by administering 1 dose (2 mL; subcutaneous into the postauricular region of the neck) of Improvest at 16 wk of age and another 2 mL dose at 20 wk of age. Pigs used for the study originated from 2 farrowing dates; therefore, farrowing date was designated as a blocking factor. Before allotment in the finishing barn, pigs within each castration method were individually weighed and assigned to pens so that pen means within each castration method were equal. Therefore, starting weights were not different between IC and PC barrows (68.6 vs. 69.8 kg; P < 0.60; data not shown in tabular form). There were 4 pens per block and each pen contained approximately 6 pigs, and the final allotment consisted of 8 pens (4 pens for each castration method) with a minimum floor space of 0.96 m 2 /pig, a 2-space dry box feeder and a cup type water drinker. The finisher barn was mechanically ventilated with part-hard, part-slatted concrete floors. Pigs had free access to feed and water.
Diets fed during the study were similar to those described by Puls et al. (2014) and were formulated to meet the nutrient requirement of intact males as proposed by NRC (2012). Briefly, diets were based on corn and soybean meal and did not contain ethanol coproducts. A 3-phase dietary program was used and diets were fed according to a feed budget. The amount fed in the first and second phases were 65.0 and 62.5 kg/pig, respectively; the third phase was fed to the end of the study period. Additionally, diets were formulated to deliver approximately 3,310 kcal/kg ME and 0.86, 0.78, and 0.74% standardized ileal digestible lysine for phases 1, 2, and 3, respectively.
Marketing and Slaughter Procedures
At the farm, pigs were weighed and scanned for real-time ultrasonic images (Aloka 500V SSD, 3.5 MHz 12.5-cm-long linear array transducer; Corometrics Medical Systems Inc., Wallingford, CT) for 10th rib backfat depth and LM area every week from the time of second Improvest dose to end of the study. On the week before slaughter, pigs were ranked within castration method by weight. The 6 heaviest pigs from each castration method were identified to be later transported to the University of Illinois Meat Science Laboratory (Urbana, IL) for slaughter. This process was repeated until completion of the study. The heaviest pigs within each castration method were sent to market, regardless of pen of origin, to mimic a marketing strategy similar to a commercial swine operation in the United States. The number of pigs sent to market stratified by pen was presented on Table 1 . Pigs were slaughtered biweekly from 22 to 28 wk of age, 2 to 8 wk following second Improvest dose. Upon arrival at the slaughter facility, pigs had free access to water but had no access to feed; therefore, pigs were fasted for approximately 12 to 15 h before slaughter. Immediately before slaughter, pigs were weighed to determine ending live weight. After weighing, pigs were electrically stunned using a headto-heart method and exsanguinated under USDA inspection. Pigs were scalded, dehaired, and singed to remove ) + (1.006 × sex of pig; barrow = 1 and gilt = 2)]/HCW, lb. After chilling, on the hanging carcasses, adipose tissue samples (approximately 8 g/tissue) from the most anterior tip of the jowl and from the dorsal anterior edge of the belly were collected using a coring device.
Fatty Acids Analysis
Initially, samples free of lean tissue and skin were cut into pieces. Pieces were frozen in liquid nitrogen before being pulverized in a blender (Warin Products, Torrington, CT) for 10 s. The resulting powder was collected and used to obtain fatty acid methyl esters (FAME) according to the method described by American Oil Chemists' Society official method Ce 2-66 (AOCS, 1998). Subsequently, FAME were analyzed using a gas chromatograph (Hewlett Packard 5890 series II; Agilent Technologies, Santa Clara, CA) equipped with an auto-sampler and a DB-wax capillary column (30 m by 0.25 mm by 0. 25 µm film coating; Agilent Technologies, Santa Clara, CA). The equipment was operated under a constant pressure at 1.30 kg/cm 2 using helium as the carrier gas and a 99:1 split ratio. Temperatures of the injector and of the flame-ionization detector were held constant at 250 and 260°C, respectively. The oven was operated at 170°C for 2 min (programmed temperature to increase 4°C/min up to 240°C and then held constant for 12.5 min). Chromatographs from FAME were integrated using Agilent Chemstation software for gas chromatograph systems (version B.01.02; Agilent Technologies, Inc.). Peaks were identified using a gas chromatograph reference standard (GLC 68 from NuChek Prep, Elysian, MN). Fatty acids were normalized so that the area of each peak was represented as a percentage of the total area. Iodine values (IV) were calculated using fatty acid profile data with the following American Oil Chemists' Society (1998) equation: IV = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C18:3 (2.616) + C20:1 (0.785) + C22:1 (0.785).
Proximate Composition
Pulverized adipose tissue samples were also analyzed for proximate composition (moisture and lipid content).
Approximately 2 g of tissue were oven dried at 110°C for approximately 24 h. Dried samples were washed multiple times in an mixture of warm chloroform:methanol (4:1) as described by Novakofski et al. (1989) to determine total extractable lipids. Moisture and lipid content were determined by weight differences after drying (moisture) and extraction (Lipids).
Statistical Analysis
Data were analyzed using the mixed procedure in SAS (SAS Inst. Inc., Cary, NC) and Individual pig (n = 47) was the experimental unit for all traits measured. Data were analyzed as a randomized complete block design with a 2 × 4 factorial arrangement of treatments. The fixed effects in the model were castration method (PC or IC) and time after second dose (2, 4, 6, and 8 wk) and their interaction. Blocks and blocks within pen were analyzed as random variables in the model. Homogeneity of variance was tested with the Levene's test or Brown and Forsythe in the case of nonnormal data using the GLM procedure of SAS.
Normality of the residuals was tested in the Univariate procedure of SAS with normal probability plots. Least square means were separated with the PDIFF option and adjusted with Tukey's multiple comparison procedure. Statistical differences were accepted as significant at P < 0.05 using a 2-tailed test. Trends were noted at 0.05 < P < 0.10.
RESULTS

Slaughter Weight, HCW, and Dressing Percentage
At the time of administration of the second Improvest dose, there were differences (P = 0.05) between BW of IC and PC barrows (97.9 vs. 100.6 kg; data not shown in tabular form); however, IC barrows had greater slaughter weights (136.1 vs. 131.1 kg; P < 0.01) and similar HCW (104.8 vs. 103.4 kg; P = 0.28) to PC barrows when averaged over the entire study. For both traits, interactions (P < 0.01) were observed between castration method and time after second Improvest dose ( Fig. 1A and 1B ). For slaughter weights, there were no differences (P ≥ 0.12) between IC and PC barrows at 2 and 8 wk. However, IC barrows were 9.3 and 9.8 kg heavier (P < 0.01) compared with PC barrows at both 4 and 6 wk. For HCW, carcasses from IC barrows were 6.0 kg lighter at 2 wk, similar (P ≥ 0.42) at 4 and 8 wk, and 6.0 kg heavier (P = 0.05) at 6 wk compared to those of PC barrows. Dressing percentage was reduced (P < 0.01) in IC barrows (76.8%) compared to PC barrows (78.8%). From 2 to 8 wk, averaged over both castration methods, dressing percentage was increased by 1.3 percentage units (P < 0.01). No interaction was observed between castration method and time after second Improvest dose for dressing percentage (P = 0.62; Fig. 1C ).
Real-Time Ultrasonic Measurements
For ultrasonic measurements, IC barrows had greater LM area (50.0 vs. 47.5 cm 2 ; P = 0.03), less backfat depth (21.3 vs. 25.8 cm; P < 0.01), and greater estimated lean yield (50.9 vs. 48.9%; P < 0.01) compared to PC barrows when averaged over the duration of the study. For these ultrasonic measurements, there were interactions (P ≤ 0.09) between castration method and time after second dose (Fig. 2) . For LM area, there were no differences (P ≥ 0.16) between IC and PC barrows at 2 and 6 wk; however, at 4 and 8 wk IC, barrows were 4.2 and 9.0 cm 2 greater (P ≤ 0.06; Fig. 2A ). For backfat depth, IC barrows were 5.3 and 8.5 mm less (P < 0.01) than PC barrows at 2 and 8 wk. However, there were no differences (P ≥ 0.17) between castration methods at 4 and 6 wk after second Improvest dose (Fig. 2B) . For estimated lean yield, there were no differences (P ≥ 0.86) between IC and PC barrows from 2 to 6 wk; however, IC barrows were 4.7 percentage units leaner than PC barrows at 8 wk (51.3 vs. 46.7%; P = 0.02; Fig. 2C ).
Jowl Adipose Tissue
Jowl adipose tissue from IC barrows had greater moisture (21.5 vs. 18.0%; P = 0.01) and less lipid content (72.9 vs. 77.1; P = 0.04) compared with PC barrows when averaged over the duration of the study. For both traits, there were interactions (P = 0.01) between castration method and time after second Improvest dose (Fig. 3A and 3B ). For moisture content, jowl adipose tissue from IC barrows was 11.6 percentage units greater than PC barrows at 2 wk (P < 0.01). However, there were no differences in moisture between jowl adipose tissues of IC and PC barrows from 4 to 8 wk. For lipid content, jowl adipose tissue from IC barrows was 15.5 percentage units less (P < 0.01) than PC barrows at 2 wk. However, there were no differences (P ≥ 0.75) in lipid content between jowl adipose tissues of IC and PC barrows from 4 to 8 wk.
Jowl adipose tissue fatty acid concentrations were reported in Table 2 . In IC barrows, myristic acid (14:0) was increased (P = 0.03) and myristoleic acid (14:1) tended (P = 0.09) to increase compared to PC barrows. Myristic acid decreased (P = 0.02) and γ-linolenic acid (18:3n-6) tended to decrease (P = 0.10) with time after second Improvest dose in both IC and PC barrows. In general, the rest of fatty acids analyzed were unaffected by castration method (P ≥ 0.15) and time after second Improvest dose (P ≥ 0.19). Jowl adipose tissue SFA content was similar between IC and PC barrows (P = 0.90). However, the magnitude of the change in SFA tended to be greater in IC compared to PC barrows from 2 to 8 wk (3.7 vs. -2.7 percentage units; Cast. x TASD [Inter.] P = 0.08). Total MUFA content was, on average, 2.2 percentage units less in IC barrows compared to PC barrows and was not affected by time after second dose (P = 0.27). Although PUFA content and PUFA:SFA were reduced (P = 0.04) with time after second Improvest dose, both PUFA (16.9 vs. 14.8%; P = 0.04) and PUFA:SFA (0.42 vs. 0.37; P = 0.01) were increased in IC barrows compared to PC barrows. The magnitude of the change in UFA:SFA with time after second dose tended to decrease in IC barrows compared to PC barrows (-0.2 vs. 0.1; Inter. P = 0.06). Calculated IV tended to increase by 2.0 g/100 g in IC barrows compared to PC barrows when averaged over the entire study. There was an interaction (P = 0.03) between castration method and time after second dose for IV (Fig. 3C) . In IC barrows, IV was increased by 6.9 and 3.3 g/100 g compared with PC barrows at 2 and 4 wk, but IV was not different between castration methods (P ≥ 0.95) at both 6 and 8 wk.
Belly Adipose Tissue
Changes in belly adipose tissue proximate compositions were presented in Fig. 4A and 4B . In IC barrows, moisture (18.8 vs. 13.6%) was increased (P < 0.01) and lipid content (75.3 vs. 82.8%) was decreased (P < 0.01) compared to PC barrows. Neither measurement was affected (P ≥ 0.23) by increasing time after second Improvest dose.
Belly adipose tissue fatty acid concentrations were reported in Table 3 . In IC barrows, linoleic acid (18:2n-6) and linolenic acid (18:3n-3) were increased by 1.7 and 0.07 percentage units (P < 0.01) compared to PC barrows. These fatty acids were also decreased (P < 0.03) with increasing time after second dose in both IC and PC barrows. All other fatty acids analyzed were not affected by castration method (P > 0.14) or time after second Improvest dose (P > 0.16).
Total SFA, MUFA, and UFA:SFA were all similar (P ≥ 0.26) between castration methods. Total MUFA tended to increase (P = 0.09) with time after second dose. On average, IC barrows had 1.5 percentage units greater (P < 0.01) total PUFA and 0.05 greater (P = 0.01) PUFA:SFA compared with PC barrows. Both total PUFA and PUFA:SFA decreased (P ≤ 0.06) with time after second dose. In IC barrows, IV tended to increase (P = 0.06) 1 Pigs in this group were immunologically castrated by administering Improvest (gonadotropin-releasing factor analog; Zoetis, Kalamazoo, MI) at 16 and 20 wk of age.
2 Cast. = castration method.
3 TASD = time after second Improvest dose. compared with PC barrows (63.9 vs. 61.9 g/100 g) when averaged over time after second dose. Furthermore, in IC barrows, IV was increased by 5.3 g/100 g compared with PC barrows at 2 wk, but IV was not different between castration methods (P ≥ 0.91; Fig. 4C ) from 4 to 8 wk.
DISCUSSION
The objective of this study was to characterize changes in chemical composition of adipose tissue from jowl and belly of IC and PC barrows with increasing time after second Improvest dose (increasing age) at slaughter. Overall, slaughter and carcass weights were increased with time in both IC and PC barrows; however, dressing percent was superior in PC barrows regardless of time. In both adipose tissues, IC barrows had more moisture, less fat, and greater IV than PC barrows. In jowl adipose tissue, increasing time resulted in reduced moisture content, increased lipid content, and reduced IV in IC barrows while composition remained relatively constant in PC barrows. Therefore, compositional differences between castration methods were no longer significant as time was increased. In belly adipose tissue, although moisture and lipid content remained relatively constant with increasing time after second dose, unsaturation level was reduced in IC barrows and reached the level of PC barrows by 4 wk. These changes in adipose tissue composition and level of unsaturation took place while also increasing fatness in both IC and PC barrows.
In general, dressing percent has been reported to be reduced in IC barrows compared with PC barrows (Dunshea et al., 2013) . In the present study, although improved over time, dressing percent was on averaged reduced by 2.2 percentage units in IC barrows compared with PC barrows. This was most likely due to increase weights of testicles, intestinal mass, and the vital organs liver and kidney as reported by Boler et al. (2014) .
In IC pigs, there is the potential to increase lipid deposition as the time interval between second dose and slaughter is increased (Dunshea et al., 2008 (Dunshea et al., , 2001 Lealiifano et al., 2011; Tavárez et al., 2014) . The underlying cause for these increases is thought to be increased de novo synthesis of fatty acids as a consequence of increased feed intake in IC barrows after second dose of Improvest. Both increased in feed intake and increased fat deposition has been previously documented in IC barrows raised in the United States and outside the United States (Dunshea et al., 2013 (Dunshea et al., , 2008 (Dunshea et al., , 2001 Lealiifano et al., 2011) . For example, in a study by Asmus et al. (2014) , feed intake was reduced in IC barrows compared with PC barrows before second dose but feed intake was increased in IC barrows by 46% from 0 to 7 wk after second dose. During that time, feed intake in PC barrows was increased by only 18%. The increase in IC barrows feed intake was most pronounced from 3 to 5 wk after second dose. Feed intake increased 27% during this time compared with just a 5% increase in feed intake in PC barrows during the same interval.
Excess carbohydrates consumed as a result of this increased feed intake will be stored as lipids. In adi- pocytes, glucose is obtained from the plasma, transformed to acetyl-CoA, and synthetized to fatty acids (Bauman, 1976) . The main fatty acids produced from de novo synthesis are the saturated fatty acids palmitic and stearic acids (Mersmann and Smith, 2005) . Therefore, as pigs continue to deposit fatty acids and adipocytes fill with triglycerides from de novo synthesis, the proportion of saturated fatty acids in adipose tissue is increased (Wood et al., 2008) . In the present study, evidence of de novo synthesis was reflected in reduced PUFA content and reduced IV of jowl and belly adipose tissue. While in PC barrows, PUFA content was also decreased and IV of the belly and jowl adipose tissue unchanged. Similar changes in level of saturation were attributed to increased de novo synthesis by Boler et al. (2012) in IC barrows slaughtered at 4 and 6 wk after second dose. This ultimately resulted in firmer bellies with better cooked yields over time.
In pigs, the fatty acid profile and ultimately IV of adipose tissue can be influenced by the fatty acid composition of the diet (Carr et al., 2005; Leick et al., 2010; Stein and Shurson, 2009 ). An example of this dynamic is the reported increased in belly IV due to the feeding of distiller's dried grains with solubles (Stein and Shurson, 2009; Tavárez et al., 2014) . However, in the present study, both IC and PC barrows were fed a conventional corn and soybean meal diet with no added distiller's grains. Therefore, changes in adipose tissue composition reported over time were reflective of differences in the rates of fat deposition between IC and PC barrows.
Conclusions
Increasing age or the time interval between second Improvest dose and slaughter changed chemical composition of adipose tissue. These changes were more pronounced in IC barrows compared to PC barrows in both 1 Pigs in this group were immunologically castrated by administering Improvest (gonadotropin-releasing factor analog; Zoetis, Kalamazoo, MI) at 16 and 20 wk of age.
3 TASD = time after second Improvest dose. jowl and belly. Compositional changes included increased lipid deposition and reduced IV in the jowl but no change in lipid deposition despite reduced IV in the belly. These results would indicate that fresh and cured belly characteristics typically associated with adipose tissue composition, including firmness and cooked and sliced yields, may be improved with time after second dose. As this time is increased, level of unsaturation in adipose tissue from IC barrows becomes similar that of PC barrows.
